SUMMARY To determine the value of a multivariate approach for the analysis of the treadmill exercise tolerance test (ETT), 237 patients referred for evaluation of chest pain who underwent a standard Bruce protocol ETT and coronary arteriography were studied. Predictive value of a positive ETT was 0.78 (43/55) using 1.0-1.9 mm ST segment depression criterion, 0.97 (59/61) using > 2.0 mm ST segment depression. When the 1.0-1.9 mm ST criterion was combined with peak systolic blood pressure-heart rate product (double product) < 23,000, exercise duration less than 6 minutes, and ST depression for greater than 3 minutes into recovery, predictive value improved to 0.89 in 18 patients with any two of the above. Predictive value for multivessel disease was also improved using non-ST criteria. exercise tolerance tests performed at the Peter Bent Brigham Hospital or its outpatient facility were selected for a further evaluation. Electrocardiograms with bundle branch block in the resting tracing were not included in this series. The exercise protocol involved recording the supine, upright and posthyperventilation (60 sec) 12-lead ECG at rest. All ECGs at rest and during and after exercise were taken using the Mason-Likar modification of the standard ECG lead placements.'2 No patients had orthostatic or post-hyperventilation ECG changes. ECGs were then taken, along with cuff blood pressures, every 3 minutes during exercise. Supine ECGs and cuff blood pressures were taken at 0, 1, 3, 5, and 8 minutes after exercise, or until ECG returned to baseline. A positive test was defined as one showing 1 mm of ST segment elevation or depression (of any morphology and in any lead except aVR) 80 msec after the end of the QRS complex any time after exercise was begun. If there was resting ST segment depression or elevation, a 1 mm increase was required for a positive test. A negative test was one without this degree of ST segment change and in which the patient achieved 85% of the maximum predicted heart rate for his age. All other tests were considered nondiagnostic.
THE DEFINITIVE DIAGNOSTIC TEST for evaluation of chest pain syndromes is the coronary arteriogram. Because this is an in-hospital procedure with a small but definite morbidity and mortality, many investigators have attempted to identify factors in the history and noninvasive evaluation of patients with chest pain that would identify those patients with a high likelihood of having coronary artery disease. ' The exercise test is the most widely used of the available noninvasive procedures for identifying patients with probable coronary artery disease. It is safe, not difficult to perform, and relatively inexpensive. Evaluation of ECG changes, specifically ST segment depression during or after exercise, has been the traditional criterion for evaluating the exercise tolerance test. However, problems with false positive and negative tests, especially in patients with atypical or no angina pectoris,2 6 have stimulated efforts to examine other aspects of the exercise response besides the presence or absence of exercise-induced ST segment depression in order to increase the diagnostic utility of the test.7-" In this study, we have attempted to supplement the traditional ST segment criterion by analyzing the importance of the following additional variables in the interpretation of the exercise tolerance test: 1) anginal chest pain induced by exercise; 2) heart rate-blood pressure product (double product) at peak exercise; 3) persistence of ST segment depression during recovery from exercise; and 4) depth of ST depression. 1, 1977 were retrospectively reviewed. Patients undergoing catheterization for chest pain syndromes who had maximal, symptom-limited Bruce protocol1' exercise tolerance tests performed at the Peter Bent Brigham Hospital or its outpatient facility were selected for a further evaluation. Electrocardiograms with bundle branch block in the resting tracing were not included in this series. The exercise protocol involved recording the supine, upright and posthyperventilation (60 sec) 12-lead ECG at rest. All ECGs at rest and during and after exercise were taken using the Mason-Likar modification of the standard ECG lead placements.'2 No patients had orthostatic or post-hyperventilation ECG changes. ECGs were then taken, along with cuff blood pressures, every 3 minutes during exercise. Supine ECGs and cuff blood pressures were taken at 0, 1, 3, 5, and 8 minutes after exercise, or until ECG returned to baseline. A positive test was defined as one showing 1 mm of ST segment elevation or depression (of any morphology and in any lead except aVR) 80 msec after the end of the QRS complex any time after exercise was begun. If there was resting ST segment depression or elevation, a 1 mm increase was required for a positive test. A negative test was one without this degree of ST segment change and in which the patient achieved 85% of the maximum predicted heart rate for his age. All other tests were considered nondiagnostic.
The peak blood pressure was usually measured just before termination of exercise, before the patient returned to the supine position. Presence or absence of exercise-induced angina (defined as either typical anginal distress or the patient's usual anginal equivalent) was recorded, as were peak blood pressure, heart rate and depth and duration of ST segment change during recovery. No 7 However, the parameters of exercise we evaluated (double product, exercise duration and duration of ST segment change in recovery), appeared individually and in combination to enhance the predictive value of this subset of positive tests, both for overall coronary artery disease and for multivessel disease. Although overall predictive values are high, some combinations of parameters did achieve statistically significant improvement in predictive value for multivessel disease.
Previous studies have also shown a tendency for the proportion of false positive tests to rise with increasing maximum heart rate and double product achieved,9 14, 22, 26 at least in male patients.'0 Low heart rates achieved for a given duration of exercise have been related to increased prevalence of coronary disease and to subsequent coronary events independent of ST segment changes.27 28 Hypotensive responses to low level of exercise clearly point to ischemic left ventricular dysfunction. 29 30 In the analysis of the postoperative coronary bypass graft patient, increased heart rate and double product with maximal exercise have been correlated with the adequacy of revascularization,31 32 Little has been written about the exercise test which is nondiagnostic because of low peak heart rate and absence of ST segment change. It has been suggested that, because left ventricular dysfunction may prevent sufficient exercise stress to bring out ischemia on the ECG, most nondiagnostic tests would occur in patients with coronary disease. 20 27 We found that the nondiagnostic exercise tolerance test predicted neither presence nor absence of coronary disease with or without the use of non-ST segment exercise parameters.
Male vs Female Patients
Most of the studies which have dealt with the value of exercise testing in females as opposed to males, whether of symptomatic6 ' 22 39 or asymptomatic, presumably normal females,40 have shown decreased predictive value of the positive exercise test in females and some increased predictive value of the negative test. One study came to different conclusions,41 but our data agrees with the other studies cited. Interestingly, in the analysis of the nondiagnostic exercise test, most of the women had normal coronary arteries and most of the men had coronary disease. This statistically significant finding suggests that the mechanism for poor exercise performance in the two sexes is often different -usually cardiac in men and usually extracardiac in women.
Digitalis Therapy
We hypothesized that the digitalized patient would offer a clear opportunity to demonstrate the usefulness of exercise parameters as the predictive value of the positive test in this group is said to be diminished.42' However, we found that the predictive value of a positive test in this group was 0.95, using a 1 mm increase in ST depression as a criterion for positivity. A previous preliminary report also showed no increase in false positivity with digoxin therapy.44 The use of a greater increase in ST depression than 1 mm has been suggested as a way to improve predictive value.20' 45
The lack of uniformity in findings suggests a place for further analysis of ECG changes and exercise parameters in the digitalized patient.
Conclusions
It appears that the use of the simple, conveniently measured exercise cuff blood pressure, in addition to the duration of exercise and ST segment change after exercise, can enhance the predictive value of positive and negative exercise tests in a population with chest pain. An exception is the . 2 mm ST segment criterion. This criterion alone has been highly predictive of coronary artery disease in the present study as well as others7' 20 using the treadmill, confirming work 
